This paper analyzes the market entry of Turquoise in September 2008. Turquoise started trading stocks from 14 European countries at (almost) the same time. We find that Turquoise gained higher market shares in larger and less volatile stocks, and in stocks that had excessively high pre-entry spreads. The entry of Turquoise led to a decrease in spreads but not to an increase in trading volume. Turquoise does not generally offer lower execution costs than the primary market. Taken together our results are consistent with the view that the new entrant serves as a disciplinary device that reduces rents earned by the suppliers of liquidity in the primary market.
Introduction
Situations in which several trading venues compete for order flow in the same instruments are by now the rule rather than the exception. In the US alternative trading systems (ATS) exist since more than a decade and have gained significant market share in NYSE-and NASDAQ-listed stocks. Recent regulatory changes, in particular the Markets in Financial Instruments Directive (MiFID) of the European Union, have spurred competition in Europe. 1 The inception of new panEuropean trading platforms like Chi-X and Turquoise puts established exchanges under pressure.
Although some alternative trading systems entered the market successfully, others failed. A case in point is NASDAQ Europe which was unable to attract sufficient order flow. Consequently, the platform was closed in 2003, only about a year after the launch of SuperMontage Europe.
Competition for order flow raises several interesting and important questions. What determines the success of a new entrant? Does a new entrant attract volume only at the expense of incumbent trading venues or does the total trading volume increase? Does the increased level of competition increase market quality? From a theoretical point of view the answers to these questions are not straightforward because of the existence of network externalities. These externalities create barriers to entry. Consequently, a market entry may fail even though the entrant has superior technology. Because fragmentation of the order flow may be detrimental to liquidity, increased competition for order flow does not necessarily increase liquidity.
In the present paper we analyze the market entry of Turquoise in the summer of 2008. The entry of Turquoise is a particularly interesting event for at least two reasons. First, Turquoise was founded by nine large investment banks. These banks, through their own trading activity and their brokerage business, can direct significant order flow to the new trading venue. This arguably increases the odds for a successful entry. Second, Turquoise started trading stocks from 14 different European markets at the same time. In this respect the entry of Turquoise is close to a natural experiment and allows us to analyze the extent to which the success of Turquoise depends on characteristics of the home market.
We collected intradaily data for Turquoise and the home markets from Bloomberg. Our sample comprises 266 stocks from 14 different markets and covers three months prior to the entry of Turquoise and three months post-entry. We use this data to answer the three questions 1 Descriptions of the regulatory environment in Europe and in the US can be found in Petrella (2009). raised above. We analyze cross-sectional determinants of the Turquoise market share, considering both firm-specific and market-specific variables and use a panel approach to investigate whether changes in market design by primary exchanges had an impact on market shares. We further test whether the entry of Turquoise has led to an increase in total trading volumes and/or liquidity in the home market, and we analyze the determinants of changes in transaction volumes and liquidity using a panel approach. Obviously, when analyzing changes in volume and liquidity, we need to control for any other factors that may have contributed to changes in these variables. We achieve this by measuring both volume and liquidity relative to matched control samples of Spanish and Italian stocks. Spanish stocks were not traded on Turquoise during our sample period (trading started in February 2009) whereas trading of Italian stocks started on October 13 and 20, about six to seven weeks later than trading of stocks from the other 13 countries.
Our main results are that both stock and market characteristics are determinants of Turquoise market shares, the most important variables being measures of liquidity, volatility, firm size and market capitalization of the primary markets. A panel analysis provides some evidence that spreads decreased upon the entry of Turquoise. Trading volume, on the other hand, did not increase. Our data furthermore suggests that average best bid-ask spreads on Turquoise exceeded those on the primary markets in the period between November 2008 and January 2009. Our paper is closely related to other papers analyzing competition for order flow. Hendershott and Mendelson (2000) , Parlour and Seppi (2003) and Degryse, van Achter, and Wuyts (2009) have developed theoretical models of competition for order flow. Despite the different modeling approaches these papers agree in the conclusion that the introduction of an additional market has an ambiguous effect on overall welfare.
A famous episode that has spurred a host of empirical research is the "battle of the Bund". The
London International Financial Futures Exchange (LIFFE) started trading in futures contracts on
German government bonds in 1988. About two years later, the Deutsche Terminboerse (DTB), an electronic derivatives exchange founded in January 1990, launched an almost identical contract.
The two markets co-existed for about eight years. The LIFFE had the larger market share until 1997. After that date, trading volume on the LIFFE deteriorated and it abandoned the Bund contract soon thereafter. For a detailed account of this episode see Cantillon and Yin (2008) . Lee (1993) analyzes trading of New York Stock Exchange (NYSE)-listed securities at different trading venues and finds that execution costs differ significantly across venues. Conrad, Johnson, and Wahal (2003) demonstrate that execution costs are lower for trades executed in ATS than for trades executed via traditional brokers. Boehmer, Jennings, and Wei (2007) show that differences in execution costs indeed affect investors' future order routing decisions. Batallio (1997) compares execution costs before and after Madoff Investment Securities started to selectively purchase order flow. He finds that spreads decreased upon the entry of Madoff. Boehmer and Boehmer (2003) analyze the entry of the NYSE in the market for exchange traded funds (ETFs). The NYSE started trading of some ETFs which were listed on the American Stock Exchange in 2002. Upon entry of the NYSE spreads decreased significantly. Foucault and Menkveld (2008) analyze the rivalry between Euronext and the London Stock Exchange (LSE) in the Dutch equity market. They conclude that the consolidated limit order book after the entry of the LSE is deeper than the Euronext order book prior to the entry. Mayhew (2002) confirms the result that competition decreases execution costs. He finds that options which are listed on multiple exchanges have narrower spreads than those listed on only one exchange.
Taken together, the extant empirical literature yields the conclusion that competition is "good". Our own results are somewhat ambiguous but point in the same direction. Pairwise From a methodological point of view our paper is also related to previous papers analyzing the impact of changes in market structure on market quality (e.g. Boehmer, Saar, and Yu (2005) who analyze a change in transparency on the NYSE and Foucault, Moinas, and Theissen (2007) who analyse a change in anonymity on Euronext). A common problem in this type of analysis is that the structural change affects all sample stocks at the same time. It is thus necessary to control for other factors that may have affected market quality around the event day. Boehmer, Saar, and Yu (2005) and Foucault, Moinas, and Theissen (2007) achieve this by including control variables in their analysis. We also included appropriate control variable. In addition, we implemented the control sample approach described above.
The remainder of the paper is organized as follows. Section 2 introduces the reader to the institutional details. Section 3 provides a description of the data set and descriptive statistics.
In section 4 we analyze the determinants of the Turquoise market share. Section 5 investigates changes in liquidity and trading volumes after the entry of Turquoise, while section 6 compares measures of market quality for Turquoise to those for the primary exchanges. Section 7 concludes.
The Launch of Turquoise
In November 2006, seven of the largest European investment banks in Europe announced their plans to found a new pan-European equity trading platform. The stated objective of the member banks Citigroup, Credit Suisse, Deutsche Bank, Goldman Sachs, Merrill Lynch, Morgan Stanley and UBS was to be able to execute orders for their clients at markedly lower costs compared to those paid to existing exchanges. 2008 (the beginning of our post-entry period) 311 stocks from 14 countries were traded in the integrated order book described in more detail below. The remaining stocks were only traded in the dark pool.
Turquoise initially offered two different trading systems, an integrated order book and a dark pool. In March 2009 (after the end of our sample period) stocks traded in the dark pool thus far were migrated to the integrated order book. Our empirical analysis only considers stocks traded in the integrated order book.
The integrated order book is a hybrid trading facility that combines a transparent open limit order book with a hidden order book (dark pool) within the same matching engine and order book.
It is designed to "increase execution and price improvement for small orders, whilst minimizing information leakage and market impact for larger, institutional-size orders." 4 Orders in the open book enjoy time priority over hidden volume. A feature that distinguishes Turquoise's dark pool from traditional hidden orders is the fact that orders submitted to the dark pool do not have a visible part. 5 Therefore, there may be hidden liquidity inside the visible spread. Consequently, the quoted spread visible on the trading screens may overstate the actual cost of executing an order. Another distinguishing feature of the trading system is the possibility to submit limit orders with a price limit that is pegged to the best bid or ask quote. To provide an example, a trader can submit a buy order such that the price limit is always one tick below the best bid.
When the best bid changes the price limit will be automatically adjusted. Obviously, the order in the example will only execute when a large market sell order that walks up the book is submitted.
Trading in Turquoise starts with a pre-opening phase from 08:40:00 CET to 08:59:30, followed by an opening call auction which takes place between 08:59:30 and 09:00:00. The exact time of the matching is determined randomly. The continuous trading session begins at 09:00:00 and extends until 17:30:00. There is no closing call auction.
According to the Turquoise rule book the minimum tick size is the same as in the home market unless the Turquoise management specifies a different tick size. For most of our sample stocks (217 out of 260) the minimum tick sizes in Turquoise and the home market were equal. Member Authorised Connection, a facility which provides faster access to trading for members' customers via direct connection to the electronic trading system TradElect. In our empirical analysis we controlled for the effect on market shares of these events.
Data Set and Descriptive Statistics
Our initial data set consists of all 311 firms from 14 European countries that started trading in Turquoise's integrated order book between August 15, 2008 and October 20, 2008 . We obtained intradaily data from Bloomberg. The data covers both the home markets and Turquoise and consists of one-minute snapshots. Variables include the aggregated trading volume and the number of trades over the previous minute, the last bid, ask and transaction price of the one-minute interval, depth at the ask and at the bid, and the number of quote updates within the minute.
The trading volume and the number of transactions in Turquoise includes transactions involving hidden orders. The best bid and ask quotes, on the other hand, are based on visible orders only.
We had to discard 41 firms from the initial data set because of missing or incomplete Bloomberg data. Four firms were listed on two incumbent markets but we only include them once in our sample. 8 This reduces the sample to 266 firms. In our regression analyses we include 6 Besides these changes in market structure, there were several fee reductions. Fees on Euronext, the LSE, Oslo Bors and Xetra were reduced on September 1, 2008; in Switzerland on October 1, 2008, and Clearstream reduced its fees on November 1, 2008. All these reductions were already in place at the beginning of our post-entry period. Therefore we cannot assess the extent to which they may have affected the success of Turquoise. Turquoise itself reduced its fees after trading volume fell markedly in March 2009 (after the end of our sample period) when a market making agreement between Turquoise and the founding members expired.
7 Xetra MidPoint matches orders at the quote midpoint of the Xetra order book. MidPoint orders are completely hidden, and they are only matched with other MidPoint orders. Summary statistics for the sample stocks, sorted by the country of the primary listing, are depicted in Table 1 .
[Insert Table 1 about here]
The United Kingdom accounts for the largest share of our sample firms, followed by France,
Italy, Sweden and Germany. The Turquoise market share (defined as trading volume in Turquoise divided by the sum of trading volume in Turquoise and the home market) spans a wide range. It is highest for the Netherlands (7.1%) and lowest for Ireland (0.15%).
The changes in market capitalization, trading volume, quoted spreads and depth between the pre-Turquoise and the post-entry period reflect the deteriorating market environment in the fall of 2008. The average market capitalization (measured in Euro) fell significantly, in some countries to less than half its initial level. Trading volume also fell, albeit to a much lesser extent. The increased spreads and the decreased depth indicate that liquidity deteriorated. Obviously, thus, the impact of the introduction of Turquoise on market quality can not be assessed by simply comparing measures of market quality for the pre-and the post-entry period. Rather, we will include appropriate control variables in our analysis and, in addition, use a control sample.
Amsterdam. We kept the data from Euronext Amsterdam because trading volume in this market was higher in the pre-Turquoise period. The other three stocks with double listings are Nokia (data from Finland retained, data from Sweden discarded), ABB (Switzerland retained, Sweden discarded) and AstraZeneca (UK retained, Sweden discarded).
Cross-Sectional Determinants of Market Shares
In this section we analyze the determinants of the Turquoise market shares. We start with a cross- Results are presented in Table 2 . Model (1) is a baseline specification that includes main stock and market characteristics. Model (2) adds four dummy variables 1 EU RON EXT , 1 OM X , 1 LSE and 1 XET RA . They identify stocks listed in markets belonging to the institutional groups NYSE Euronext, OMX, London Stock Exchange and Xetra. 12 Model (3) is analogous to specification (1) but additionally includes indicator variables for the national stock markets (coefficient estimates are not reported in the table). As documented in Table 1 , UK stocks are by far the largest group in our sample. To make sure that our results are not driven by the UK stocks, we repeated the analysis after exclusion of the UK stocks. We obtain similar results (not shown but available upon request). All t-statistics are based on robust Huber/White standard errors.
9 Exchange rates used for conversion were obtained from the website of the European Central Bank. 10 Note that including an indicator variable for the Dow Jones Euro Stoxx 50 index instead of the Dow Jones Stoxx 50 index does not change results.
11 Note that using relative tick size, defined as average tick size over average midpoint in the pre-entry period, yields qualitatively similar results. Since the correlation between relative tick size and some country indicator variables as well as the predicted spread component as described below exceeds 60%, we use the absolute tick size in our estimations.
12 NYSE Euronext comprises the primary markets of France, the Netherlands, Belgium and Portugal. OMX covers the Danish, Swedish and Finnish markets. Borsa Italiana is a member of the London Stock Exchange group and migrated equity trading to the LSE TradElect platform in November 2008. Xetra is not an institutional group but a trading platform. It is used in Germany, Ireland and Austria.
[Insert Table 2 about here] Turning to results we find that, although significance levels and magnitude of the estimated coefficients vary, the results are qualitatively similar across specifications. The market share of Turquoise tends to be larger for firms with higher market capitalization and firms with higher free float. The respective coefficients are positive and significant in all cases. The sign of the indicator variable standing for index membership in the Dow Jones Stoxx 50, however, is negative in all specifications, partly reducing size effects since index membership is largely a function of market capitalization. 13 A cross-listing on the NYSE does not affect the Turquoise market share.
Firms with high execution costs in the pre-entry period (as measured by the quoted bid-ask spread) have a higher market share on Turquoise. Similarly, Turquoise market shares tend to be higher for firms with lower quoted depth and lower trading volume in their home markets.
These results are consistent with the notion that liquidity in the home market determines the attractiveness of an alternative trading venue.
The relation between volatility (measured in the pre-entry period) and the Turquoise market share is negative. This indicates that the alternative trading venue may be relatively more attractive for less volatile stocks. Firms with lower absolute tick size in the pre-Turquoise period tend to have higher market shares on Turquoise. This is a somewhat surprising result because the tick sizes in Turquoise and in the home market are in most cases the same.
Stocks from countries with a higher aggregate market capitalization tend to be traded more actively on Turquoise. This is consistent with the descriptive statistics presented in the previous section. A possible explanation is that the portfolios and trading activities of the nine investment banks that founded Turquoise (among them four US-based institutions) are tilted towards larger markets.
When we add dummy variables for the institutional groups (model (2)) we find that the market share of firms with a primary listing on Euronext or LSE is higher as compared to firms listed on an OMX member exchange, using the Xetra market model or listed on one of the 13 It might be the case that the relation between Turquoise market share and size is nonlinear and that the DJ Stoxx 50 dummy picks up this nonlinearity. To test whether this is the case, we included the square of the size variable as an additional regressor and found corresponding evidence in the data: While the square of the size variable was negative and significant in all estimations, the DJ Stoxx 50 dummy lost its significance in all estimations and in some cases changed its sign. Note that multicollinearity is not an issue here; the pairwise correlations between the independent variables do not exceed 40%.
other exchanges. Using country dummies instead of the institutional group dummies (model (3)) increases the explanatory power of the model significantly (the adjusted R 2 increases from 0.38 to 0.49, 14 ) but yields otherwise similar results. Only the tick size variable loses its significance.
Turquoise was designed to cater to the needs of institutional investors. We therefore expect its market share to be higher for firms with larger institutional shareholdings. Unfortunately, we did not have access to accurate ownership data at the firm level. However, Thompson Reuters
Datastream provides some ownership information as of May 2008. With respect to institutional ownership data, it features information on shareholdings of investment companies with a strategic focus, shareholdings by foreign institutional investors and by pension funds. While the latter group is non-zero in only 6 out of 260 observations, there is more variation in the other two sub-groups. We hence use the variables InvestmentHoldings and F oreignHoldings ((items NOSHIC and NOSHFR) which indicate the percentage of shares in issue held by investment companies or, respectively, foreign institutions. However, both categories together only account for about 12.3% of shareholdings, which appears to be very low. Further, for more than one third of the sample firms both values are zero. We thus doubt that these variables provide an accurate estimate of institutional shareholdings. We nevertheless repeated estimations of models (1) to (3) including these variables, expecting a positive sign for both coefficients. Estimation results from models (4) to (6) show that as expected, InvestmentHoldings is significantly positive in all cases. Contrary to expectations, F oreignHoldings, which may include holdings by foreign investment banks, is significantly negative. Without having detailed access to ownership data, we can only speculate about the reasons for this finding which may relate to the origin of the foreign institution or to its strategic interest in the company. Using ownership data on a country level as a robustness check, results are somewhat ambiguous. They indicate a positive impact of institutional ownership on Turquoise market shares and no impact of private ownership. 15 Our results suggest that firms with high spreads tend to have higher Turquoise market shares.
Spreads can be large for two reasons. First, the characteristics of the firm (e.g. its size, the volatility of its returns) may be such that the equilibrium spread is large. Second, the spread may be high because suppliers of liquidity earn rents or because structural features of the stock market lead to operational inefficiencies. In the second case the spread is above its equilibrium level. We expect that high equilibrium spreads do not result in a higher Turquoise market share whereas above-equilibrium spreads do. To test this conjecture we decompose the pre-Turquoise average spreads into two components. To this end we first regress average quoted spreads from the pre-Turquoise period on the natural logarithm of market capitalization in Euro as of July 31, 2008, the average free float in percentage of shares outstanding, the average daily trading volume in shares, the standard deviation of returns and average relative tick size in the pre-Turquoise period. Coefficient estimates of this regression (not shown) are in line with expectations, 16 the adjusted R 2 amounts to 18.04%.
[Insert Table 3 about here]
We use the predicted values from this regression, P red. Spread in % P re , as an estimate of the equilibrium spread and the residual, Spread Residual, as an estimate of the deviation from the equilibrium spread. We then use these two variables as regressors in the market share regression. We estimate the same six specifications as above. The results are shown in Table   3 . The coefficient on the spread residual is always positive and significant, as expected. The coefficient on the predicted values is positive but is only significant in the two models that include country dummies. Thus, the results of our cross-sectional market share regressions confirm the intuition that the new entrant, Turquoise, gains market share particularly in those cases where pre-Turquoise spread levels were excessively high.
Panel Analysis of Market Share Determinants
The analysis so far considered the average Turquoise market share in the post-entry period. This approach is well suited to uncover the cross-sectional determinants of the Turquoise market shares, but it does not exploit the time-series variation in the market share data. In order to include the time-series dimension we construct a daily panel data set. The sample period is the post- 
(1)
x it is a vector of strictly exogenous covariates, possibly including time constants. w it is a vector of potentially endogenous covariates, all of which might be correlated with v i , the unobserved individual heterogeneity. w it might include lagged values of the dependent variable y it . u it is the i.i.d. error term. The list of explanatory variables includes the logarithm of the market capitalization in Euro at the end of the previous day, LnM cap t−1 , the logarithm of the trading volume on the previous day, LnV olume t−1 , the average quoted depth and the average percentage quoted spread on the previous day, Depth t−1 and Spread in % t−1 , respectively, the intraday midpoint volatility on day t − 1, Std.Dev.Return t−1 , the average absolute tick size T ickSize t−1 on the previous day, and time fixed effects. We use first lags in order to avoid endogeneity problems.
When estimating model (4), we have to account for unobserved firm heterogeneity v i and potential endogeneity of the regressors in w it . We remove heterogeneity by first differencing and obtain the following model:
where ∆a it = (a it − a it−1 ). Note that first-differencing eliminates explanatory variables without time-series variation (e.g. the institutional group dummies) from the model. If a variable is endogenous (i.e., depends on y it ) lagged first differences of that variable are not strictly exogenous.
Therefore we use second and further lags as instruments in order to obtain consistent estimators.
We estimate the model by GMM.
As noted in section 2, five potentially important changes in the trading protocols of Euronext, LSE, OMX and Xetra occurred during our sample period. We include indicator variables in order to capture any impact these changes may have had on market shares. The indicator variable is set to one for stocks affected by the change from the day of the change onwards, and is set to zero otherwise.
[Insert Table 4 about here]
Results from a static specification (P1) and a dynamic specification (P2) which includes the lagged Turquoise market share as an additional regressor are presented in Table 4 . In model (P1) the Turquoise market share is positively related to the lagged spread in the home market. Thus, when execution costs in the home market increase, traders switch to Turquoise. The relation between Turquoise market share and lagged volume in the home market is negative. 17 This is surprising at first sight but may be explained by serially correlated trading activity in the home market. If the order flow of retail investors (who typically do not have access to Turquoise) is serially correlated then low trading activity in the home market on day t − 1 predicts low activity on day t which, in turn, results in a higher Turquoise market share on day t. The coefficients on the change-in-market-structure dummies indicate that the introduction of Xetra MidPoint lowered the market share of Turquoise. This trading platform was explicitly targeted at investors making use of non-displayed liquidity (as e.g. the dark pool on Turquoise) for large trading volumes and our results indicate that it was successful in attracting liquidity.
In contrast, the introduction of the single order book in Euronext led to a higher Turquoise market share. This is a surprising result because one would expect that the consolidation of the order flow improves market quality. We do not have a good explanation for this result. The other changes in market structure (i.e., the introduction of LSE Member Authorized Connection, the introduction of the OMX real time data feed, and the migration of Italian stocks to the LSE TradElect platform) did not significantly affect Turquoise market shares.
In model (P2) the coefficient on the lagged Turquoise market share is positive and significant, implying that market shares are persistent even after controlling for the other explanatory variables. The other results are similar, except that the lagged spread in the home market, although retaining its sign, loses significance.
Spread and Volume Changes after the Entry of Turquoise
As can be seen from Table 1 the post-entry period has been characterized by an uncertain market environment and a significant decrease in liquidity due to the world-wide financial crisis.
In assessing the question of whether measures of market quality such as the bid-ask spreads or trading volume have improved due to the market entry of Turquoise, it is therefore important to control for the general changes in market quality. We accomplish this by including appropriate control variables and by using two control samples of stocks that are not traded in Turquoise.
17 Note that this is not a spurious relation because the Turquoise market share is measured on day t and the volume in the home market on day t − 1.
The first control sample consists of Spanish stocks which were not traded on Turquoise during our entire sample period. The second control sample consists of Italian stocks which could not be traded on Turquoise prior to mid-October 2008.
The First Control Group
As noted above, Spanish stocks started trading on Turquoise in February 2009, after the end of our sample period. Therefore, we can benchmark changes in market quality that those stocks experienced, which were traded on Turquoise, against the change in market quality of Spanish stocks between the pre-and the post-entry period. In doing so we have to control for the characteristics of the stocks. To this end we use a matched-sample approach. Our sample of Rather, we obtained daily data on trading volume, closing prices, and closing bid-ask spreads.
For consistency we use the same data for the Turquoise sample. We lose one observation because of lacking data. We are thus left with 34 pairs.
The results are depicted in Tables 5 and 6 . We first note that the two groups of stocks are similar with respect to market capitalization. The matched Turquoise stocks have a median preTurquoise market capitalization (price level) of 7.1 billion Euro (16.96 Euro), as compared to a median of 7.2 billion Euro (18.06 Euro) for the Spanish stocks.
[Insert Tables 5 and 6 about here] The figures shown in Tables 5 indicate that median quoted spreads of the Turquoise stocks and the Spanish stocks are very similar in the pre-Turquoise period. We define the relative spread increase as Spread Increase = 1 − (Spread in % P ost /Spread in % P re ). The relative increase is larger for the Turquoise stocks than for the Spanish stocks when we consider the mean and larger for the Spanish stocks when we consider the median. However, a Wilcoxon signed rank test as 18 We match stocks without replacement and choose the match as to minimize the sum of relative squared deviations over the whole sample.
suggested by Davies and Kim (2009) does not reject the null hypothesis of equality of the median between the groups. Similarly, a t-test does not reject the null hypothesis of equality of the mean between the groups.
Figures on daily trading volume (measured in million Euro) are shown in Table 6 . In the preTurquoise period the mean trading volume is higher for the Spanish stocks whereas the median is larger for the Turquoise stocks. For both groups trading volume is markedly lower in the post-entry period. The decline is slightly more pronounced for the Spanish sample but neither a Wilcoxon test nor a t-test rejects the null hypothesis of equality between the groups.
To summarize, when we compare bid-ask spreads and trading volume before and after the introduction of Turquoise and use Spanish stocks as a control sample we do not find a positive effect of increased competition on market quality.
The Second Control Group
In order to check whether the results are sensitive to the choice of the control group we chose a second control group, consisting of highly liquid Italian stocks. These stocks could not be traded on Turquoise prior to October 20, 2008. 19 We therefore redefine the post-entry period. It now extends from September 1 to October 17. Even though all stocks we use in our analysis could be traded on Turquoise on September 1, the official Turquoise market opening only occurred on September 22. Therefore, we use a second post-entry period extending from September 22 to October 17 as a robustness check. We again use a matched-sample approach. Each of the 25
Italian stocks in the sample is matched with a Turquoise stock using the matching procedures described in the previous section. 20 The selected groups are larger in terms of market capitalization and price. The Turquoise stocks have a median pre-Turquoise market capitalization (price) of 9.2 billion Euro (9.07 Euro), as compared to a median of 8.3 billion Euro for the Italian stocks (6.51 Euro).
[Insert Tables 7 and 8 
about here]
19 Note that two Italian firms were traded from October 13, 2008 onwards. For these firms and their matches we compute data based on a post-entry period lasting until October 10, 2008. Results remain unchanged when we exclude these two firms from the analysis.
20 The Italian stocks we consider here are those in our Turquoise sample which we also use in our cross-sectional estimations. See Table 1 for details. Note that Table 1 includes three Italian stocks for which Bloomberg firm data was incomplete and which hence not were included in the estimations.
Results on percentage quoted spreads are depicted in Tables 7. We find that the median percentage bid-ask spreads are similar whereas the mean percentage spread is markedly higher for the Turquoise stocks. In the post-entry period percentage quoted spreads are higher for both Italian and Turquoise stocks, irrespective of which post-entry period is considered. The increase is less pronounced for the Turquoise stocks. However, the difference is (based on a Wilcoxon signed rank test and on a t-test) not significant. Table 8 shows the results on trading volume. The Italian stocks are more actively traded than the Turquoise stocks if mean trading volumes are regarded. Trading activity in terms of median trading volume is similar for Italian and Turquoise stocks. Average trading volumes for the Turquoise stocks increased between the pre-entry and the post-entry period. The average trading volume of the Italian stocks, on the other hand, decreased. For the first (second) postentry sample period, the null hypothesis of no difference in differences is rejected by a Wilcoxon signed rank test at a level of 1% (1%) and by a two-sided t-test at a level of 2% (1%).
To summarize, when we consider changes in liquidity benchmarked against a control sample of Italian stocks we find that the introduction of Turquoise did not materially affect quoted bid-ask spreads but did result in an increase in trading volume.
Panel Estimations
In this section we use an alternative procedure to measure the impact the introduction of Turquoise had on bid-ask spreads and trading volumes. We construct a weekly panel data set that spans the period from May 1, 2008 to January 31, 2009. The panel thus includes both the pre-and the post-entry period. In the cross-sectional dimension we include all Turquoise stocks analyzed previously (including the Italian stocks) as well as the Spanish stocks which were not traded on Turquoise during the entire sample period. The dependent variables are two measures of liquidity, the quoted bid-ask spread and the trading volume. We include explanatory variables that are known to be related to liquidity. Specifically, we include lagged values of the log of market capitalization in Euro, trading volume (only in the spread regression), the bid-ask spread (in the volume regression), volatility, and the relative tick size. Lags are used in order to avoid endogeneity problems.
As noted previously we do not have access to intradaily data for the Spanish stocks. Therefore, the analysis is based on daily data obtained from Bloomberg. The quoted spread is measured by the percentage closing spread. Market capitalization and relative tick size are calculated based on closing prices. The daily values for all variables are then averaged over the days of the week.
We obtain an estimate of daily volatility from the daily high, low, opening and closing price as proposed by Garman and Klass (1980) . 21 In order to capture the impact of Turquoise on the spread we include the variable M arket Share T Q it as a regressor. This variable is zero whenever a stock i is not traded on Turquoise in week t and is set to the Turquoise market share in week t otherwise. If increased competition leads to reduced spreads we should expect a negative coefficient. In order to allow for a non-linear effect of the Turquoise market share on spreads we also include the square of M arket Share T Q it .
We further allow for time fixed effects and include two stock-specific indicator variables. [Insert Table 9 about here] The results from GMM estimation are reported in Table 9 . We consider the results for the spread first. We estimated two models. Model (P3) is the baseline specification, model (P4) is a dynamic specification where the lagged spread is added as a regressor. In both specifications we find that the coefficient of M arket Share T Q is significantly negative while the coefficient of M arket Share T Q 2 is significantly positive. Hence, using standard control variables, we find 21 V olatility OHLC := 1/n[(log(Ht/Lt)) 2 − (2log(2) − 1)(log(Ct/Ot)) 2 ], where n is the number of observations, Ht is the daily high, Lt is the daily low, Ot is the daily opening and Ct is the daily closing price.
that spreads decrease (in a non-linear way) when the Turquoise market share increases. Thus, competition appears to increase liquidity as measured by the spread. Note that while the sign of the soft launch and post Turquoise indicator variables is negative as expected, only one out of four coefficients is significantly different from zero. The negative sign and significance of market capitalization and trading volume are in line with expectations.
In models (P5) and (P6) the trading volume is the dependent variable. Here, the Turquoise market share is only significant at the 10% level in specification (P5). Both the soft launch and the post-Turquoise indicators are insignificant. These results provide, at best, weak evidence that the introduction of Turquoise has led to an increase in trading volume.
Turquoise versus Primary Markets
In the last step of our analysis, we compare measures of market quality in Turquoise to those for the home markets. The measures we consider are the bid-ask spread, the quoted depth, and average trade size. All measures are averaged over the three-months post-entry period. Tables   10 and 11 show the results separately for each home market.
[Insert Tables 10 and 11 about here] The results shown in the upper panel of Table 10 indicate that the average quoted spread is larger in Turquoise than in the home market for all countries except Austria and Ireland. The differences are significant in most cases. The last two columns show the smallest and the largest value for the stocks in the respective country. For 8 out of 14 countries the minimum is negative, implying that in these countries there are stocks for which the average spread in Turquoise is smaller than the average spread in the home market. However, the total number of firms to which this applies is only 24 (out of 260).
The lower panel of Table 10 shows results on average trade size. The average trade size on Turquoise is smaller than the average trade size in the home market. The difference is significant for 10 countries. Consistent with the results on average trade size, Table 11 shows that the quoted depth at the bid and at the ask is markedly lower in Turquoise as compared to the home market. The difference is significant for the majority of countries. It should be noted, though, that the quoted depth does not include hidden volume. Thus, to the extent that hidden volume is relatively more important in Turquoise than it is in the home market, the results may be biased to the disadvantage of Turquoise.
Effective Spreads
As noted previously, there may be hidden liquidity inside the best quotes in Turquoise. Consequently, the quoted spread in Turquoise may overstate the true execution cost. One way to correct for this potential bias is to consider effective spreads instead of quoted spreads. Given the one-minute snapshot data we use we cannot apply the standard effective spread estimator. We therefore proceeded as follows. We relate the last transaction price of each one-minute interval to the last midquote of the interval. The absolute value of the difference is our estimate of the effective half-spread (S ef f ective = 2|P t − M t |). As a robustness check we also match transaction prices with the midquote at the end of the previous interval.
The results shown in Table 12 demonstrate that effective spreads are lower than quoted spreads in most markets. This may be surprising at first sight because in an electronic open limit order book transactions can only occur at the quoted prices and, consequently, the effective spread is equal to the quoted spread at the time when the transaction occurs. However, transactions tend to occur when the quoted spread is small. Therefore, the average effective spread is likely to be lower than the quoted spread even in markets without price improvement.
If price improvements due to hidden liquidity inside the best quotes were very frequent in Turquoise we should expect the differences between quoted and effective spreads to be larger in Turquoise than in the home market. This is not generally the case, however. When we consider mean [median] values, the differences are larger for Turquoise in 5 [9] out of 14 countries.
[Insert Tables 12 and 13 about here] Given that quoted spreads are wider in Turquoise and that the difference between quoted and effective spreads is not generally more pronounced in Turquoise, we do not expect effective spreads in Turquoise to be lower than those in the home market. This is borne out by the results shown in Table 13 . Effective spreads are larger in Turquoise, no matter whether we consider the mean or the median, absolute or percentage spreads, and no matter whether we match the last transaction price of a one-minute interval to the midquote effective at the end of the same or the previous interval (the latter results are not depicted).
Our results in this section yield the conclusion that Turquoise does not appear to be more liquid than the home market. Quoted and effective spreads are higher, average trade size is smaller, and the depth at the best quotes is lower.
Conclusion
This study analyzes the market entry of the pan-European MTF Turquoise in August 2008. The fact that Turquoise covered shares of 14 European countries by November 2008 enables us to investigate its launch in a setup which is close to a natural experiment.
We first examine the market share of Turquoise and its determinants. Results from crosssectional regressions indicate that market shares of Turquoise are particularly high for large stocks with a high relative free float and a low level of volatility, hence for stocks that pose a relatively low risk for market makers. Furthermore, the market share is c.p. high for firms with higher levels of illiquidity as measured by the bid-ask spread and depth at the best quotes before the entry of Turquoise. Decomposing bid-ask spreads into a predicted component (the predicted value from a regression of the spread on a set of explanatory variables, performed for the preTurquoise period) and an unpredicted component (the residual from that regression), it turns out that market shares are particularly high for firms the spreads of which are "too high" relative to the set of explanatory variables used. Regarding market characteristics, firms from a market with a larger overall market capitalization tend to have relatively higher market shares, as do firms from markets in which the share of investment bank ownership is relatively high or the share of ownership by foreign institutions is relatively low. Finally, the market share of firms with a low tick size is higher. Results of a panel analysis of daily changes in market shares provide additional evidence that high spreads in the home market lead to higher Turquoise market share. They also show that organizational changes by some primary exchanges had an impact on Turquoise market shares while others had not.
We further analyze whether market quality improved after the entry of the new trading Finally, we compared measures of market quality for Turquoise and the primary markets.
It turned out that quoted and effective spreads are higher on Turquoise, average trade size is smaller, and the depth at the best quotes is lower.
Our results draw a differentiated picture of competition between exchanges. Turquoise was able to attract order flow without generally offering higher liquidity than the primary market. At the same time, Turquoise gained higher market shares in stocks for which spreads in the home market are "too" high relative to fundamentals. Higher Turquoise market shares, in turn, lead to lower spreads and thus to an improvement of market quality. All in all, our results are consistent with the new entrant serving as a disciplinary device which reduces rents earned by the suppliers of liquidity in the primary market. Whether the post-entry revenue to the suppliers of liquidity and the operators of the trading systems are sufficient is a question we are unable to answer.
The fact that trading volume did not generally increase upon the entry of the new competitor is, however, an indication that the overall revenue has decreased. iii Remark: ***, ** and * denote significance at the 1%, 5%, and 10% level, respectively. t-statistics are based on robust standard errors. Variable definitions are given in section 4.
Tables
iv Remark: ***, ** and * denote significance at the 1%, 5%, and 10% level, respectively. z-statistics are based on robust standard errors. Instruments for GMM specifications are lag t − 2 to lag t − 5 of averages of quoted depth, quoted bid-ask spreads and log daily trading volume in stocks on the primary exchange. LnM cap t−1 stands for the logarithm of stock market capitalization in Euro at day t − 1. LnV olume t−1 , Spread in % t−1 and Depth t−1 stand for the average daily trading volume in logarithms, average percentage spread and average depth on trading day t − 1. Std.Dev.Return t−1 is the standard deviation of intraday returns on day t − 1. T ickSize t−1 denotes the average tick size on the primary exchange on day t − 1. M arket Share T Q t−1 is the relative market share of Turquoise in terms of trading volume on the prior trading day t − 1. 1 ChangeXY is an indicator variable equal to one if the primary exchange XY has introduced a change in the market model or technology in the estimation period from the day of change onwards and zero otherwise. Daily time indicator variables are not depicted.
vi 11,190 11,186 11,186 11,186 Remark: ***, ** and * denote significance at the 1%, 5%, and 10% level, respectively. z-statistics are based on robust standard errors. M arket Share T Q t−1 is the average relative market share of Turquoise in terms of trading volume in the prior trading week, M arket Share T Q 2 t−1 is its square. LnM cap t−1 stands for the average logarithm of stock market capitalization in week t − 1 in Euro, LnV olume t−1 denotes the logarithm of average daily trading volume in week t − 1. V olatility OHLC t−1 is lagged weekly volatility, computed as described in section 5.3. T ickSize t−1 is the average daily absolute tick size in week t − 1. 1 Sof tLaunch is equal to one if the stock is traded in the soft launch period and zero otherwise.
1 P ost T Q is zero before and during the soft launch period and equal to one afterwards if the stock is traded on Turquoise. Weekly time dummies are not depicted. Instruments for GMM specifications are lag t − 2 to lag t − 4 (t − 6 in P5 and P6) of LnV olume, M arket Share T Q, M arket Share T Q 2 t−1 and the average of last quoted spreads lagged one week Spread in % t−1 in specifications P4 and P6. ix The table presents country averages of differences between trading parameters on Turquoise and the primary market. Depth ask and bid stand for the average ask and bid and volume available at best quotes. Asterisks depict results of one-sided t−tests that average quoted depth at the bid or average quoted depth at the ask are smaller on Turquoise.
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